Takahiro Hagiwara, Professor Emeritus of the University of Tokyo, was born in 1908, and passed away in 1999. His name is inseparably tied with earthquake prediction, especially as the founder of the earthquake prediction program of Japan, and as a distinguished leader of earthquake prediction research in the world. This short article describes the career of Prof. Hagiwara focusing on his contribution to earthquake prediction research. I also sketch his activities in the development of instruments, and the multi-disciplinary observation of the Matsushiro earthquake swarm to show the starting point of his scientific strategy: good observation.
Takahiro Hagiwara, Professor Emeritus of the University of Tokyo, was born in Tokyo in 1908, 15 years before the great Kanto earthquake of 1923, and passed away in 1999 at the age of 91. Graduating from Tokyo Imperial University (now the University of Tokyo), he started his scientific career in 1933 as a research associate at the Earthquake Research Institute (ERI) of the university. His supervisor was Prof. Mishio Ishimoto, who is well known for finding a statistical law on the frequency distribution of earthquake size, which is equivalent to the Gutenberg-Richter relation. Prof. Hagiwara was promoted to a full professor in 1944 at the age of 36, and worked for ERI until his retirement in 1969. For the two years from 1965, he served at ERI as the Director General.
In 1967, Prof. Hagiwara was elected to the first chairperson of the International Commission on Earthquake Prediction, which was established at the 14th General Assembly of IUGG and hosted by IASPEI. He was also appointed first President of the Coordinating Committee for Earthquake Prediction in 1969, and first President of the Earthquake Assessment Committee for Tokai Earthquake in 1979. Prof. Hagiwara had presided over these key committees of earthquake prediction program in Japan, until 1981. In 1981, he founded a new enterprise, the Association for the Development of Earthquake Prediction (ADEP), to develop earthquake prediction research and to support endeavors of the governmental and private sectors to mitigate earthquake disaster. In recognition of his distinguished services to the nation and science, he was awarded a Purple Ribbon Medal in 1969, and decorated in 1978.
The name of Prof. Hagiwara is inseparably tied with earthquake prediction, especially as the founder of the Japanese earthquake prediction program, and as a prominent leader of earthquake prediction research in the world. However, his contribution to the scientific community extended over wide spectra. In this short article, I will also touch on two other topics; development of instruments, and intensified observation of the Matsushiro earthquake swarm.
In the 1930s, Prof. Hagiwara developed a series of mechanical seismographs, which are nicknamed as "Tokkuri's" after the shape of the pendulum box. Tokkuri is a bottle to contain sake, Japanese wine. The mechanical part is composed of an inverted pendulum, of which the natural period is 3 sec for the typical type, and an air-damper. The ground motion is recorded on smoked paper attached on a rotating drum. Later, he invented a new electro-magnetic seismometer, "HES", which is composed of a moving-coil transducer and optical recording system with a galvanometer. The natural period of the pendulum is 1 sec, and a galvanometer of 0.2 Hz is used for short periods, and that of 1 sec and 20 sec for longer periods. For its high sensitivity and high stability, HES was used as a standard seismometer in Japan for a long time. One HES is still working at the Syowa Base of Japan in the Antarctica, although the recording part is replaced by a pen-and-ink system.
In 1945, Prof. Hagiwara published a famous book entitled the "Shindou Sokutei (Groundmotion Measurement)" ). This book, totally describing the theoretical and practical aspects of seismometer design, has been studied by many students as a standard text book. His work also included development of the water-tube tiltmeter for continuous observation of crustal deformation. Prof. Hagiwara noted in his book that "an instrument is the window open to the nature" .
In August 1965, the most exciting and busy days for Prof. Hagiwara started with the beginning of the Matsushiro earthquake swarm that rocked Nagano Prefecture, central Japan for several years . At the peak of activity, the number of felt earthquakes reached nearly 700 in one day, or one every two minutes on average. The swarm activity was initially restricted in a small area of several kilometers in diameter, but gradually extended in the NE-SW direction until the longer axis attained 35 km at a later stage. Under the strong leadership of Prof. Hagiwara, who took office as the Director General four months before, ERI com- mitted all the available resources to field observations in the focal area. The field work included microearthquake and strong-motion observation, geodetic survey, continuous observation of crustal deformation, geomagnetic and geoelectric observation, groundwater observation, and geological investigation. The integrated observation brought a new hypothesis that the earthquake swarm was generated by "water eruption" (see Ohtake, 1976) . This, together with the study of the Denver earthquakes, led to later researches on the physical relation between the interstitial liquid and earthquake occurrence.
When I was in charge of microearthquake observation at Matsushiro, an electric motor driving the recording drum got out of order at midnight. I immediately called Prof. Hagiwara in Tokyo to ask a new motor to replace. His answer was, "Alright, an ERI driver will arrive at Matsushiro tomorrow morning with a new motor." However, my happy dream was soon crashed by the next word. "But, you shouldn't stop the observation. Keep the drum rotate by your arm until tomorrow morning." Prof. Hagiwara sometimes played the role of cruel tyrant to demand perfect observation. But, his inherent humor and broad-minded personality were loved by all the people.
During spare hours, he enjoyed a baseball game with staff members. He was also an ardent supporter of a professional baseball team, the Tokyo Giants. In Japan, two baseball terms, "minogashi" (to let a good ball go by) and "karaburi" (to swing at a ball in failure) are frequently used for "failure" and "false alarm" in earthquake prediction. I suspect that Prof. Hagiwara may be the originator of these popular metaphors.
The Matsushiro earthquake swarm triggered the start of a national program for earthquake prediction. Through the concentrated observation of the swarm, Prof. Hagiwara was convinced that multi-disciplinary observation and integrated judgement are key elements for earthquake prediction.
In Japan, the so-called "Blue Print" for earthquake prediction (Group for the Study of Earthquake Prediction Program, 1962) was published in 1962 after rigorous discussion among active scientists. Prof. Hagiwara was one of the representatives of the group with Prof. Chuji Tsuboi and Dr. Kiyoo Wadati. Based on the Blue Print, the national program for earthquake prediction started in 1965, with the initiative of Prof. Hagiwara. It was the first national program in the world to challenge earthquake prediction, and strongly encouraged scientists in the world including the United States and China to launch similar endeavors.
In 1964, the first U.S.-Japan Conference on Earthquake Prediction Research was held in Tokyo and Kyoto, which was probably the first international meeting on earthquake prediction in the world. Prof. Hagiwara was an excellent organizer of the conference. The international conference, together with the occurrence of the great Alaska earthquake just after the meeting, led to a growing interest of U.S. scientists in earthquake prediction, and Prof. Frank Press and his colleagues proposed a ten-year program of earthquake prediction to the U. S. government in 1965.
Professor Frank Evison once told me an episode at a reception at the Japanese Embassy in Wellington. The Ambassador asked him, "Who is the distinguished elderly professor who is so prominent in earthquake prediction research?" Prof. Evison answered that it must be Prof. Hagiwara. The response of the Ambassador was, "That's the man! When Professor Hagiwara says something about earthquake prediction, everyone listens, but when anyone else says something, no one listens!"
We can see the basic concept of the national program in the first proposal, which was in force for the initial four years from 1965 to 1968 fiscal years. Among the eight sections of the proposal, seven components are for strengthening various kinds of observations; geodetic survey, tide-gauge observation, continuous observation of crustal deformation, seismic observation, observation of seismic velocity change, field study of active faults, and geomagnetic and geoelectric observations. Under the umbrella of the national program, the Coordinating Committee for Earthquake Prediction was established in 1969 to effectively promote the program, and the Earthquake Assessment Committee for the impending Tokai earthquake in 1979.
The prediction program was reviewed and revised every fifth year to propose "five-year plans". Although some new components such as laboratory experiment and construction of telemetry seismic nets were added in later plans, the program had been continued for 34 years until it was completely reformed after the Kobe earthquake of 1995. I will refer to the prediction program of those 34 years as the "old program" in this article.
The old program largely served to strengthen and modernize observations of crustal activity. Although successful short-term prediction was not attained, several important results were obtained including the success in long-term prediction of the 1973 Nemuro-Hanto-Oki earthquake (M7.4), and detection of precursory phenomena to the 1978 IzuOshima-Kinkai earthquake (M7.0). However, the old program had been led by an experience-based strategy that was characterized by the search for earthquake precursors and integrated judgment, and the limitation of this traditional approach became clear in the light of modern seismology.
Under those circumstances, scientists started a serious discussion to effectively develop earthquake prediction research, and published the "New Observational Research Program for Earthquake Prediction" (Group for the Promotion of Earthquake Prediction Research, 1998; new program, hereafter) . The new program, emphasizing the importance of scientific understanding of the whole earthquake cycle, is characterized by two "Ms"; modeling and monitoring. Future seismic activity is predicted by a model. The model is checked and revised by monitoring actual crustal activity.
This strategy is not necessarily a new one but is rather common to modern sciences. However, it should be emphasized that this strategy would have been premature to adopt until great innovations both in theory and in observation were attained in the past decade. The theoretical innovation includes the laboratory-driven new friction law, rupture nucleation theory, and the modernized asperity model of earthquake occurrence. For observation, the Japanese Islands are now covered by thousands of seismic and GPS stations of high performance. Thus, the goal of the new program is not restricted to short-term prediction, but prediction of the whole process of the earthquake cycle. Some of the newest output of the new prediction program will be presented in this symposium.
The Japanese program for earthquake prediction, which was founded by Prof. Hagiwara four decades ago, was renewed to a modern science. However, we should remember that good observation has been the most important basis of earthquake prediction research throughout the old and new programs. Prof. Hagiwara clearly showed this direction, and contributed to modernize the observation by developing new instruments, organizing the Matsushiro operation, and promoting the prediction program.
I will conclude this article by citing a short sentence from . "For challenging earthquake prediction, we need deep scientific understanding of the nature of earthquake." suggestions and many helps in preparing the manuscript. Dr. S. Kubota kindly checked and corrected the publication list. I also thank Prof. F. Evison for the permission of citing his personal memory. Comments of Prof. K. Mogi and an anonymous reviewer were quite helpful to revise the manuscript. Several paragraphs are added to the original manuscript following the suggestions of the two reviewers.
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